Kampfite, ideally Ba 6 [(Si,Al)O 2 ] 8 (CO 3 ) 2 Cl 2 (Cl,H 2 O) 2 , is a newly identified mineral species found in barium-silicate-rich deposits at Big Creek and Rush Creek, Fresno County, California. It forms irregular masses up to 10 mm in size enclosed in quartz-rich portions of the sanbornite-bearing rock. It is light blue-grey, with one perfect cleavage on {001}. Other physical properties are: brittle, translucent, nonfluorescent, vitreous luster, white streak, hardness 3, uneven fracture. Kampfite is uniaxial negative, 1.642(2), 1.594(2), nonpleochroic. It is hexagonal, with unit-cell parameters refined from powder data: a 5.244 (2) (100)(002) 3 . All crystals studied contain inclusions or are multiple. Thus, it was not possible to unambiguously determine the correct space-group or precise details of the structure. However, the preliminary results show that the structure is based on double layers of tetrahedra, [T 4 O 8 ] ϱ , consisting of sixmembered rings, with three layers of Ba polyhedra connecting the layers of tetrahedra. Kampfite is part of the monteregianite-(Y) -wickenburgite series (Strunz classification) and is structurally and chemically similar to cymrite. The mineral name honors Anthony R. Kampf, Los Angeles County Museum of Natural History, for his many significant contributions to the study of new and rare minerals.
INTRODUCTION
Kampfite was discovered by one of us (REW) in 1964 at the Esquire #1 claim, Rush Creek, eastern Fresno County, California (NE¼ NW¼ Section 16, T11S, R25E, Mount Diablo Meridian, lat. 37° 05' N, long. 119° 16' 20" W). The mineral occurs as irregular masses up to 1 cm across enclosed in a steeply dipping quartz-sanbornite outcrop exposed for 3 m 2 along a steep hill overlooking Rush Creek. Associated minerals at the type locality include celsian, fresnoite, macdonaldite, pyrrhotite, titantaramellite, traskite, witherite, and two new minerals, UKBC-10, a Ba-Fe-AlCl silicate related to cerchiaraite (Basso et al. 2000) and UKRC-21, a hydrated form of SiO 2 . Small inclusions of celsian, witherite and UKBC-10 have been identified within kampfite. Rare grains of kampfite have been identified at the Esquire #7 claim along Big Creek, Fresno County, California (SE¼ SE¼ Section 27, T11S, R25E, Mount Diablo Meridian, lat. 36° 56' 40" N, long. 119° 14' 28" W). The Big Creek site is the type locality for alforsite, bigcreekite and walstromite, and is known for a number of rare Ba-bearing minerals including anandite, bazirite, benitoite, celsian, gillespite, fresnoite, macdonaldite, muirite, pellyite, titantaramellite and verplanckite (Alfors et al. 1965 , Alfors & Pabst 1984 , Basciano et al. 2001 . Additional minerals currently under study from the Big Creek locality include UKBC-10, UKBC-27, a Ba-Fe-Ca-Mn silicate-phosphate, and minerals UKBC-39a and 39b, the Fe-Cl analogues of ericssonite and orthoericssonite, respectively. Our eventual aim is to completely characterize the mineralogy of the Rush Creek and Big Creek occurrences and to draw conclusions regarding the paragenesis of Babearing minerals.
The Big Creek and Rush Creek deposits consist of gneissic rocks composed of variable amounts of sanbornite and quartz with minor amounts of diopside, pyrrhotite and various Ba-bearing minerals. The rocks form conformable tabular bodies up to 13 m thick within foliated quartzite at or within 100 m of the contact with a granodiorite pluton (Alfors et al. 1965) . They probably began as sediments of Paleozoic age that were metamorphosed prior to being uplifted to their present position. The mineral assemblages within the rocks are most likely related to the initial bulk chemical composition of the sediments prior to metamorphism. Hinthorne (1974) suggested that sanbornite was formed by the reaction of witherite with quartz, and that the sanbornitequartz rocks formed at temperatures between 440 and 600°C. On the basis of textures observed in thin section, we believe that kampfite formed prior to both sanbornite and quartz, but the lack of Fe in the chemical formula suggests that it formed later than titantaramellite, traskite and UKBC-10.
Kampfite is named after Anthony Robert Kampf (b. 1948) in the Systematic Reference Series of the National Mineral Collection of Canada, Geological Survey of Canada, Ottawa, Ontario (NMCC 68090).
PHYSICAL AND OPTICAL PROPERTIES
Kampfite is light blue-grey and has a well-developed cleavage on {001} (Fig. 1) . The cleavable masses are brittle, translucent, nonfluorescent and have a vitreous luster, uneven fracture and a white streak. Kampfite has an approximate Mohs hardness of 3 and a calculated density (on the basis of the empirical formula and cell dimensions derived from the X-ray powder-diffraction study) of 3.51 g/cm 3 . The density of kampfite could not be measured directly owing to the presence of numerous inclusions of UKBC-10, celsian and witherite. Kampfite is uniaxial negative, with indices of refraction 1.642 ± 0.002 and 1.594 ± 0.002 (measured at 589 nm). The mineral is nonpleochroic, and extinction is parallel to the {001} cleavage. One grain is biaxial negative with 2V meas of 20(5)° and indices of refraction ␣ 1.641 ± 0.001, ␤ 1.642 ± 0.001, ␥ calc 1.642, slight dispersion, r < v; at present we regard this as anomalous and not representative of the mineral. Application of the Gladstone-Dale relationship (Mandarino 1981) gives a compatibility index of -0.059, which is considered to be fair.
CHEMICAL COMPOSITION
Chemical analyses were performed on a JEOL 733 electron microprobe with Tracor Northern 5500 and 5600 automation, operated in the wavelength-dispersion mode with the following conditions: excitation voltage 15 kV, beam current 20 nA and beam diameter 30 m. Data on standards were collected for 50 s or to 0.25% precision (4 level), whichever was attained first; data on kampfite were collected for 25 s or to 0.5% precision, whichever was attained first. An element was considered to be observed only if it is significant at the 4 (measured) level. The following standards were used: albite (NaK␣), almandine (AlK␣), sanbornite (SiK␣, BaL␣), marialite (ClK␣), and diopside (CaK␣). F, Mg, Sc, Mn, Fe, and Sr were sought but not detected. Data reduction was performed with a PAP routine in XMAQNT (pers. commun., C. Davidson, CSIRO). The results of the electron-microprobe study are given in The presence of H 2 O and CO 2 was confirmed by micro-infrared-absorption spectroscopy. The infraredabsorption spectrum of kampfite, shown in Figure 2 , was obtained using a Bomem Michelson MB-120
Fourier-transform spectrometer with a diamond-anvil cell microsampling device. The spectrum shows a small sharp peak at 1648 cm -1 due to H-O-H bending and a broad shallow peak centered at 3421 cm -1 due to O-H stretching, thus confirming the presence of H 2 O molecules in the structure. In addition, the spectrum shows very large sharp peaks at 982 and 1436 cm -1 and a small sharp peak at 1758 cm -1 , confirming the presence of CO 3 groups in the structure.
X-RAY CRYSTALLOGRAPHY
Precession single-crystal photographs showed that kampfite is hexagonal, with approximate unit-cell dimensions a 5.25, c 29.8 Å. Possible space groups are P6 3 /mmc, P62c, P6 3 mc, P3 1 c and P3 1 c. Unit-cell parameters refined using X-ray powder-diffraction data (Table 2 ) are a 5.244(2), c 29.83(1) Å, V 710.5(4) Å 3 , c/ a 5.6884. A significant amount of time was spent locating an inclusion-free crystal for structure determination. A full sphere of intensity data was collected using a Siemens P4/CCD diffractometer at the University of Manitoba. The structure was solved and refined in each of the space groups indicated by the precession singlecrystal photographs. The best results were obtained for space group P6 3 mc. However, the bond lengths in this case depart rather seriously from expected values and lack internal coherency. Careful inspection of the crystal under a polarizing microscope showed that it is likely composed of two non-twinned individuals, and this is the most probable reason for the poor quality of the data. Although it was not possible to determine the correct space-group or precise details of the crystal structure, the results of the crystal-structure study show that kampfite is a sheet silicate. (Takéuchi 1958) and Rb[AlSi 3 O 8 ] (hT) (Sorrel & Negas 1963) . They have also been described for the minerals cymrite, Ba[AlSiO 4 ] 2 •H 2 O (Drits et al. 1975 , Bolotina et al. 1991 (Rinaldi et al. 1990 ).
